The variable interindividual ability to metabolize environmental toxicants, also known as metabolic polymorphism, may be of substantial importance in the modulation of cancer risk. The ethnic distribution of these polymorphisms could be interesting in order to establish an association with cancer risk or even to establish selective advantage of some genotypes. Cytochrome P450 2E1 (CYP2E1) is a secondary enzyme that can metabolize ethanol, and glutathione S-transferase (GSTM1) is thought to be involved in the detoxification of epoxides and polycyclic aromatic hydrocarbons. Mutation in these genes was investigated in a random sample of healthy subjects from Sao Paulo, Brazil, which included 206 Caucasians and 86 mulattoes. Pst I restriction fragment length polymorphism (RFLP) in the 5'-flanking region of the CYP2E1 gene has been identified in 10.2% of Caucasian individuals and in 11.6% of mulattoes. For GSTM1 the frequency of the null genotype was significantly higher in Caucasian individuals (60.2%) than in mulattoes (41.9%). Allele frequencies were (1) CYP2E1 locus: P=0.949, q=0.051, se(p) = se(q) = 0.011 among Caucasians; and p=0.942; q = 0.058; se(P) = se(q) = 0.018 among mulattoes; and (2) GSTM1 locus: p=0.224, q=0.776, se(p) = se(g) = 0.022 among Caucasians; and p=0.353; g= 0.647; se(p) = se(q) = 0.041 among mulattoes.
INTRODUCTION
A variable ability to metabolize chemical carcinogens, also denominated metabolic polymorphism, has been identified within subgroups in several populations. These genetic interindividual differences are possibly related to sensitivity or resistance to environmentally induced disease, including cancer. 1 Biological markers of cancer susceptibility can be used for monitoring populations, with the aim of identifying low levels of exposure to environmental carcinogenic agents, mainly in the workplace.
In order to avoid the accumulation of harmful xenobiotics in cells, living organisms have developed
Correspondence to: Dr Gilka J.F. Gattas, Institute Oscar Freire, Rua Teodoro Sampaio 115, CEP: 05405-000, Sao Paulo, SP, Brazil. Tel and fax: +55 011 853 9677; e-mail: gfgattas@usp.br different ways of eliminating foreign chemicals. Although a large number of enzymes are needed to recognize and metabolize all possible compounds, biotransformatdon of xenobiotics takes place in two stages: firstly, drugs are metabolized by phase I enzymes, often in an oxidation reaction to create a reactive centre, and then secondly, phase II enzymes introduce a hydrophilic compound, such as gluthatdone or an acetyl group, into the molecule to allow it to become easily eliminated.
The cytochrome P450s (CYPs) superfamily comprises the enzyme system responsible for various phase I metabolic reactions and the glutathione 5-transferases (GSTs) correspond to phase II metabolic enzymes.
Among the various CYP enzymes expressed in humans, CYP2E1 participates in the oxidation of many low molecular weight organic chemicals including nitrosamines, ethanol, benzene, carbon tetrachloride, vinyl chloride and acrylonitriles. the gene 4 and has been associated with alcoholic liver disease 5 and lung cancer. 6 The human glutathione S-transferases (GSTs) form a multigene family with four different classes of phase II isozymes including GSTM1 (mu) loci. 7 Their primary function is to detoxify electrophiles capable of DNA binding; they also play an important role in protecting tissues from oxidative stress. 8 Individuals can be classified either as a positive genotype when the gene is present or a null genotype (homozygous gene deletion) . 9 Ethnic variation in the prevalence of GSTM1 null genotype among different populations has been observed 10 " 13 and has been associated with the risk of environmentally related cancers, such as those of lung, head and neck, urinary bladder and colon.
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In this investigation we evaluated the frequency of CYP2E1 polymorphism and GSTM1 null genotype in a group of Brazilian Caucasians and mulattoes living in the city of Sao Paulo.
SUBJECTS AND METHODS
The Caucasian group consisted of 206 unrelated individuals including 101 men (mean age 38.8+1.2 years) and 105 women (mean age 34.4+ 1.2 years); the mulatto group consisted of 86 individuals including 42 men (mean age 36.1 + 1.9 years) and 44 women (mean age 31.7+1.3 years). The latter group consisted of unrelated individuals who presented at least one negroid characteristic or who had declared themselves to be of mixed ancestry.
Genomic DNA for CYP2E1 and GSTM1 genotype was isolated from peripheral blood lymphocytes by a non-organic DNA extraction procedure. 18 The CYP2E1 polymorphism was detected by restriction fragment length polymorphism (RFLP) analysis as described by Kato et a/. 19 The transcription regulation region of CYP2E1 was amplified in a 50 /d polymerase chain reaction (PCR) mixture containing 25 pmol of each CYP2E1 primers (sense, 5'-CCA GTC GAG TCT ACA TTG TCA-3'; and antisense, 5'-TTC ATT CTG TCT TCT AAC TGG-3') and 1.5 mM of MgSO 4 . An initial denaturating step (95°C, 1 min) was followed by 25 cycles of amplification (1 min at 95°C, 1 min at 55°C, and 1 min at 72°C). The temperature was held at 72°C for 4 min after the last cycle. The amplified region of the gene includes a Pstl restriction site. 4 After amplification 25 /xl of the PCR product was digested overnight at 37°C with 10 U of Pstl enzyme (Lifecodes Technologies). The presence of a mutant allele was shown by two fragments of 120 and 290 bp, analysed on an ethidium bromide stained 2.0% agarose gel. A homozygous wild type (410 bp) and a positive mutant sample were used as controls.
For GSTM1 genotyping 50 ng of DNA was amplified in a 50 [A reaction mixture containing 30 pmol of each GSTM1 primer (Gl, 5'-GAA CTC CCT GAA AAG CTA AAG C-3'; and G2, 5'-GTT GGG CTC AAA TAT ACG GTG G-3'), and 10 pmol of each j3-globin gene primers, used as internal positive control 0?l, 5'-CAA CTT CAT CCA CGT TCA CC-3'; and P2, 5'-GAA GAG CCA AGG ACA GGT AC-3'), and 1.5 mM of MgSO 4 . The PCR protocol 20 included an initial melting temperature of 94°C (2 min) followed by 30 cycles of amplification (2 min at 94°C, 1 min at 55°C, and extension for 1 min at 72°C). The final PCR product from co-amplification of GSTM1 (215 bp) and /?-globin gene (268 bp) was visualized on an ethidium bromide stained 2.0% agarose gel. The subjects were classified as either null or positive (at least one copy of the gene present).
Statistical analysis
Gene and genotype frequencies were estimated by using computer programs using standard procedures. Chisquared tests were used throughout for comparing genotype frequencies between samples (contingency table analysis) and for testing Hardy-Weinberg proportions.
RESULTS AND DISCUSSION
The polymorphic genes involved in xenobiotic metabolism exhibit almost universally important ethnic and racial frequency variations. For CYP2E1 a low frequency of Pstl mutant individuals among Caucasians (2%) and African-Americans (5%) has been reported 20 but the prevalence of the mutated gene in the population ranges from 4% to 8%. 21 ' 22 In this investigation the presence of a Pstl restriction site within the transcription regulation region of CYP2E1 was observed only in 10.2% of Caucasian individuals and in 11.6% of mulattoes ( Fig. 1 and Table 1 ). Homozygous individuals for the presence of Pstl restriction site were not observed. There was no statistically significant difference in the distribution of CYP2E1 polymorphism between Caucasians and mulattoes (x 2 = 0.13, 1 d.f., P> 0.05). Genotypes in both population samples were in Hardy-Weinberg ratios (chi-squared values (1 d.f.) of 0.149 and 0.082 for Caucasians and mulattoes, respectively). 
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The mutant CYP2E1 allele demonstrates greater transcriptional rate, protein level, and enzyme activity when compared with the wild-type allele suggesting that the mutated gene might play a role in the development of alcohol-related cancer. Presendy we are investigating polymorphic enzymes in a sample of chronic alcoholics who developed cancer, in order to test the observation above.
The frequency of GSTM1 null genotype (Table 1 ) was significantly higher among Caucasian individuals (60.2%) than among mulattoes (41.9%) (* 2 = 8.23, 1 d.f., p<0.05) and the gene frequencies were as follows: p = 0.224, 9 = 0.776; and p = 0.353, ? = 0.647 among Caucasians and mulattoes, respectively. Heterozygous and homozygous individuals for GSTM1 (GSTMI +/0 and GSTMI +/+, respectively) were reported to present similar enzyme expression 19 levels and they were considered together for statistical analysis. Figure 2 shows GSTMI genotypes and the internal standardcontrol represented by /?-globin gene amplification.
The mean frequency of individuals harbouring the GSTMI null genotype is approximately 50% in Caucasian populations, ranging from 30% to 90% in other ethnic groups.
11 ' 14 Among mullato individuals the frequency of the null genotype for GSTMI (41.9%) was higher than that described for African-American individuals 12 ' 19 having an intermediate value between estimates described for Brazilian Caucasians and Blacks. 13 In conclusion, we have presented genotype frequencies of two susceptibility genes observed in samples from
